L-Leucine is an important amino acid used in medical and nutritional fields. Accumulation of L-leucine in the culture broth has been reported in Salmonella typhimuriumŜ erratia marcescens,2) Corynebacterium glutamicum3A) and Brevibacterium lactofermentum.5)
The stability of a strain is one of the most important factors along with its productivity for microbial production especially on an industrial scale. There have been a great number of reports on amino acids producing mutants, but very few of them refer to the stability or stabilization of the mutants. Shigeto reported the reversion of a lysine producing mutant of C. glutamicum.6) The instability and stabilization of a histidine and an arginine producing mutant of S. marcescens were reported by Sugiura and Kisumi,7) and Takagi et al. , 8) respectively.
An L-leucine producing strain of C glutamicum, H-1204, showed stable productivity on a small scale such as in test tube cultures, while it showed instability and decreased productivity on a large scale such as in 5 1jar fermen- In this report, we describe the properties of the revertants and the deduced mechanism of their appearance in relation with the L-leucine biosynthetic pathway.
MATERIALS AND METHODS
Microorganisms. An S-(2-aminoethyl)-L-cysteine resistant mutant, H-1204, derived from Corynebacterium glutamicum, ATCC13032, was used as the L-leucine producing strain throughout this work.
Media The minimal medium was composed of 1% glucose, 0.1% NH4C1, 0.2% urea, 0.1% KH2PO4, 0.3% K2HPO4, 0.04% MgCl2v 10mg/l FeSO4-7H2O, 5mg/l MnSO4-4H2O and 50/xg/l d-biotin, pH 7.2 (NaOH). The complete medium contained 1% peptone, 0.5% yeast extract, 0.5% meat extract and 0.25% NaCl, pH 7.2 (NaOH). For solid media, 2% ofagar was added. The seed mediumwas composed of 5%glucose, 1%peptone, 1% yeast extract, 0.5% corn steep liquor, 0.3% urea, 0.25% NaCl and 50/ig/l d-biotin, adjusted to pH 7.0 with NaOH.
Instability and stabilization of an L-leucine producing strain of Corynebacterium glutamicum. Part I.
The production medium contained 10% cane molasses (as glucose), 0.1% KH2PO4, 2% (NH4)2SO4, 1% corn steep liquor, 0.05% MgSO4-7H2O and 3% CaCO3. The pH was adjusted to 7.4 with NH4OH.CaCO3was omitted forjar fermentor cultivations.
Culture conditions. A loopful of cells grown on the complete mediumfor 24hr at 30°C was inoculated into 8ml of the seed medium in a test tube. After 24hr cultivation on a reciprocal shaker at 30°C, 0.5ml of the seed culture was transferred to a test tube containing 10 ml of the production medium. The test tubes were incubated on a reciprocal shaker for 72hr at 30°C. The culture conditions with the jar fermentor were as follows; 5ml of the seed culture in a test tube was inoculated to 250ml of the seed medium in a 2 1-flask. After 24hr cultivation on a shaker at 30°C, the seed was transferred into 2 1 of the production medium in a 5 1 jar fermentor. Fermentation was carried out under aeration of 3 1/min and agitation of 600rpm at 30°C. The pH was automatically controlled at 7.0 with NH4OH.
Analysis. The bacterial growth was measured as the optical density at 660 nm of the culture broth diluted 100-fold after dissolving CaCO3with 6n HC1. The amounts of amino acids were determined by paper chromatography using a solvent system of «-butanol-acetic acid-H2O (5 :2: 2, by volume). After being dried and sprayed with 0.5% ninhydrin in 95% acetone (v/v), the violet spot of an amino acid was cut out and extracted with 0.04% Cu (NO3)2 in methanol. After extraction for 1 hr, the optical density of the solution was measured at 550 nm.
Enzyme preparation. After cultivation for 24hr in the minimal medium containing the required nutrients, the grown cells were harvested and then washed twice with saline. The washed cells were suspended in 0.05m phosphate buffer, pH 7.0, and then sonically disrupted in an ice bath. After centrifugation at 15,000 x g for 30min at 4°C, the supernatant was dialyzed.
Enzymeassay. a-Isopropylmalate synthetase activity was determined by the method of Burns et al.9) The assay mixture contained the following components in a total volume of 1 ml: Tris-HCl buffer (pH 8.5), 50/imol; sodium a-ketoisovaleric acid, 5 /imol; acetyl-CoA, 0.5 /xmol; KC1, 35/imol; and enzyme solution. After incubation at 30°C
for lOmin, the reaction was stopped by adding 3ml of ethanol and l ml of 5,5/-dithio(bis)-2-nitrobenzoate (pH 8.0). After centrifugation, the absorbance was measured at 412nm.A reaction mixture without sodium a-ketoisovaleric acid was used as a blank.
The protein concentration was determined by the method of Lowry et al. 10) Chemicals. Sodium a-ketoisovaleric acid and sodium aketoisocaproic acid were purchased from Sigma Chemical Co. Aminoacids were products of KyowaHakko Kogyo Co., Ltd. RESULTS L-Leucine production by strain H-1204 Table I compares the L-leucine productivities with test tube and jar fermentor cultures.
H-1204 showed stable and reproducible productivity in the former, whereas it showed unstable productivity and a reduced yield, from 10% to 4.5%, in the latter. The major differences between the two culture systems are the numberof seed steps and the inoculation ratio. To examine the stability of the strain, it was successively subcultured on the complete medium, followed by test tube culturing for lleucine production. As shown in Table II , the productivity had fallen to one-third after subculturing five times. In contrast with the productivity, the growth level increased with subculturing. Inoculation ratio in fermentor was calculated based on the 1st seed volume and the final production volume. However, the amount of L-alanine remained at l~2mg/ml. Thus, we concluded that the appearance of the revertants caused the unstable productivity.
Properties of revertants
The properties of these revertants and the lleucine producing mutant were studied. Table III.- L-Leucine and L-valine are known to be synthesized from the common precursor, aketoisovaleric acid,n) as shown in Fig. 2 . Since the production patterns as to L-leucine and lvaline of the revertants changed continuously, the instability was likely to be due to the distribution of a-ketoisovaleric acid to these two amino acids. If this is correct, the L-leucine producing strain (L-76) must have some properties causing the reversion. Growth of these strains was examined on minimal agar plates with and without L-leucine and L-valine. As The growth test was performed on minimal agar plates with or without supplemented amino acids (1 mg/ml). Symbols: +, growth; + +, better growth; -, no growth. KIV, a-ketoisovaleric acid. KIC, a-ketoisocaproic acid. KIV and KIC were added at 100/zg/ml to the minimal agar plates.
shown in Table IV Defective point of L-leucine auxotroph V-89 Since strain V-89 exhibited L-leucine auxotrophy, a certain step of its leucine biosynthetic pathway was assumed to be defective, lLeucine is knownto be synthesized from aketoisovaleric acid through four steps,11} as shown in Fig. 2 . The effects of the precursors of L-leucine, a-ketoisovaleric acid and a-ketoisocaproic acid, on the growth were examined. The results are summarized in Table V . Strain V-89 was able to grow only with the addition of a-ketoisocaproic acid. Therefore, it is likely to have a defective point between these two precursors.
Assaying of oc-isopropylmalate synthetase activity a-Isopropylmalate synthetase was reported to be the first enzyme in the L-leucine biosynthetic pathway, which was both inhibited and repressed by L-leucine. 12 to L-alanine. In the case of strain V-89, the block of L-leucine biosynthesis changed the major flow of a-ketoisovaleric acid to lvaline biosynthesis.
Since the leucine auxotroph could grow easily in leucine fermenta- either. Mutants showing amino acid overproduction grow more slowly than revertants, which are released from the abnormal biosynthesis and can utilize the amino acids accumulated. Namely, selective pressure increased the number of revertants in the culture broth, whcih appeared spontaneously. The appearance of an L-arginine auxotroph from larginine producting mutants was observed for S. marcescens8) and Corynebacterium acetoacidophilum.15) It might be said that the appearance of auxotrophy as to the very amino acid a fermentation is being carried out for is not a rare phenomenon for amino acid overproducing mutants. For fermentation of an industrial scale, an as stable strain as possible is required. It was impossible to stabilize strain H-1204 by repeating the single colony isolation technique. A study on the properties of revertants was also necessary. In the succeeding papers, we will report the stabilization of an L-leucine producer H-1204 by means of culture condition and strain improvement on the basis of the properties of the revertants.
